Introduction
Systems with state and input constraints are prevalent in the practice of control engineering. Most of the research during the past ten years focused on the systems with input constraints. The research activities during this time can broadly be divided into two directions. The first direction follows the so-called a priori design philosophy in which all the constraints are taken into account right at the onset of analysis and design. The second direction follows the so called a posteriori design philosophy. In this philosophy, initially all the constraints are ignored and a satisfactory design method is used to to meet the design goals in the absence of constraints. Subsequent to this, an additional feedback layer is designed to insure stability and to reduce the loss of performance due the presence of constraints compared 10 the performance of the originally designed controller. Anti-windup design methodology belongs to this second category.
In addition to input constraints, state constraints also widely exist in practical control systems. Although some research activity bas appeared in the literature dealing with state constraints, little attention bas been paid to the structural properties associated to the constraints. Recently We use "im C" to denote the image space of a matrix C , and "int X" to denote the interior of a set X.
Preliminaries
In this section we describe the underlying system models and constraints, and state the problem formulations for semiglobal stabilization and semi-global output regulation. We also recall briefly the taxonomy of constraints from where x E Iw", U E L P , y E P and z E Rp are respectively the state, input, ,measurement output and constrained output (see Figure I ). The constrained output is subject to the constraint
where the set 8 c RP is a priori given and is referred to as a constraint set. The following assumption on the constraint set 8 and the constrained output is used throughout the paper: Given the constraint on the output, the initial state of the system must obviously be restricted. For this reason, we need to define an admissible set of initial conditions. It is straightforward to show that if the initial state does not belong to this set, then one can never avoid the constraint violation by choosing any type of feedback control law. In this paper we are only concerned with constrained senuglobal stabilization and output regulation via measurement feedback. The reason that the global stabilization and output regulation problems are not discussed here is very simple. The class of systems for which these problems can be solved using measurement feedback in a global framework turns out to be very resvictive and uninteresting. In the global framework, a necessary condition for solvability is the existence of a static feedback U = f ( y ) such that if x ( 0 ) E A(8). then x ( t j E A(8) for all t > 0 where
In other words, the system must he able to satisfy the state constraints for all t > 0 with a static output feedback. This is clearly very restrictive and therefore results for the global case are not of much interest.
We hrst define below the constrained semi-global stabilization of a system (2.1) via measurement feedback. 
where the second equation is a model of the emsystem with state w E P. The initial condition w(0) is assumed to be in some a priori given compact set W . This exosystem plays a dual role. It generates an exogenous disturbance that affects theplantintermsof E w whichneedstoberejected butitalso generates a reference signal Dew which we need to track. The goal of disturbance rejection and tracking is achieved by requiring that e ( t ) + 0 as 1 + 00. We again impose Assumption 2.1 on the constraint for output regulation. 
~( t )
E 8 for all f > 0 and lim e ( t ) = 0.
1-CO (iii) For any M O ) , ~( 0 ) )
E X x V and w ( 0 ) E W , whenever we set w ( t ) = 0 for t > to for any to > 0. we have lim x ( t ) = 0, lim ~( t ) = 0, and z ( t ) E 8 for all t to.
I-00 ,-00
Remark. The condition (iii) of Problem 2.4 is included to guarantee the stability of the closed-loop system if the tracking reference signal is switched off at some time to >_ 0. provides us a mechanism to avoid the negative effect of peaking. As the second step, we recall the lemma here because it is instrumental to the high-gain observer design. 
Taxonomy of constraints
' ia = A,x, + K. z -E, = A d , + E&, + Ha+.) + Kcz i d = A d X d + B d ( U d G a X a + GcXc + G d X d ) ' +Kdz 70 -DOUO = ( L d ) -(CdXd) Y = c y & + cy& + C y d X d as defined in
(3.11)
Our goal is to devise a measurement feedback such that the set X x V is contained in the domain of attraction, meanwhile for all initial states in this set the constraints are satisfied. Due to the possible peaking of the state estimate caused by the high-gain observer, the slate estimate doring the short period at the beginning of time is not useful. To insure that the constraints are not violated, we saturate the control [I] so that the peaking signal does not enter the plant. The approriate level of saturation is specified below. Then, the design objective is to guarantee that the control law is functioning as closely as the state feedback law after the peaking is over. But during the shon period of peaking and saturation, the state starting from X may drift to a larger set, say X. For this reason, we need two components in our design. One is to design from the beginning a state feeehack U = Fx for a larg'gef set of initial condition, say set X which satisfies X c int X c intA(8). and make sure that X is contained in thedomain of attraction and for all initial conditions in the set X the output z ( t ) E p 8 for some p E (0, 1). One can use the design technique provided in [5] for this task. The other component is a saturation element, the level of which is specified below. Consider the following system
where e is the estimation error. It follows from Lemma 3. 
ES2(X)
We define M2 = a 11 F 11. Let r > 0 be such that such that for al/ xo E X and for a/l fi ( t ) satisfying we have that z ( t ) E 8 a n d x ( t ) E Q ( X ) f u r a / / t 3 0, and x ( t ) -+ O a s t -+ co.
Proof of Theorem 4.5 : The proof follows an idea similar to that in the proof of Theorem 3.1. We omit the details due to the space linutation. 
Conclusion
In this paper we developed the design of ohserver-based measurement feedback controllers for constrained semi-global stabilization and constrained semi-global output regulation for linear systems with right invertible constraints. The observers use high-gain feedback. To avoid the possible constraint violation caused by peaking phenomenon associated with an high-gain observer. appropriate saturation mechanisms are employed in the control laws. It turns out that the solvability conditions for the two problems under the measurement feedback are similar to those developed in [5, 81 where only state feedback laws were considered. A major open problem is the case of non-right invertible constraints which remains a challenging and difficult problem.
